Abstract Dental arch sizes and shapes of Papua New Guinea (PNG) Highlanders (Wabag, Enga Province, 26 males and 26 females) were measured using photo graphsof dental casts and compared with those of five populations in the Pacific region (Fiji, Samoa, Kiribati, Australia, Japan). The dental arch breadths of the Wabag males and females were the largest among the six groups. The Wabag males had the shortest lengths and the Wabag females were in the middle range among the six groups. As a result, the dental arches of the Wabag people proved to be short and broad. Principal component analyses based on arch measurements showed that the Wabag people were close to Fijians suggesting that these two Melanesian popula tionshad similar dental arch forms.
Introduction
Papua New Guinea (PNG) Highlanders are considered to be closely related to Australian Aborigines on the basis of genetic studies (Cavalli-Sforza et al. 1994 ) and archaeological studies (Intoh, 1994; Kirch and Hunt, 1985) . Studies on the tooth size of Wabag people (Kanazawa et al. 2000) , other PNG Highlanders (Doran and Free man,1974; Brace and Hinton, 1981) , and people in the Pacific (Hanihara, 1992; Scott and Turner, 1997) have supported this hypothesis.
The dental arch form has not been a major subject in the study of the anthropolog icalaffinity of Pacific populations. However, it has been demonstrated that the dental arch sizes and shapes vary significantly among the different groups of people in the Asian Pacific region from Southeast Asians to Australian Aborigines (Fukuzawa, 1998) .
The present study aims to describe new data on the dental arch sizes and shapes of PNG Highlanders (Wabag people) and to compare them with those of other Pacific populations. This study discusses the phylogenetic affinity that PNG Highlanders have with Pacific populations based on the morphology of the dental arch and also discusses the adaptability of the dental arch to environmental conditions such as subsistence activities and diet.
Materials and Methods
The materials in this study consisted of dental plaster casts of permanent dentition collected in 1997 from Kasi village, Wabag, Enga Province, Papua New Guinea. Our previous study referred to the people in Wabag or Enga Province (Kanazawa et al. 2000) . The subjects were 26 males ranging in age from 18 to 42 with a mean age of 23.8, and 26 females ranging in age from 18 to 44 with a mean age of 28.1. In order to measure the breadths and lengths of the maxillary and mandibular arches, the dental arches of the subjects were photographed followed by the method of Sekika wa(1986). The breadths and lengths of the dental arches were measured by a digital caliper with an accuracy of 0.01mm over the photographs. Fig. 1 shows the reference points, breadths and lengths both over the maxilla and mandible. The reference points were located at the centers of the edges of the incisors, on the cusp tips of the canines, and on the buccal cusp tips of the premolars and molars. The breadth was defined as the distance between the reference points of corresponding teeth on both sides. Accord ingly,nine breadth measurements were made for each individual. The length was defined as the perpendicular distance measured from the middle point of the refer encepoints on both central incisors to a breadth line. Accordingly, eight length mea surementswere made for each individual. The centers of the edges of the incisors and the cusp tips on the other teeth could be accurately determined, because dental casts with severe wear were excluded. Only fully erupted dental arches without any marked dental abnormalities, caries, impression flaws, or partial eruptions were mea sured.
The measurements were compared with those of five populations in the Pacific region: Fiji, Samoa, Kiribati, Australia, and Japan (Fukuzawa, 1998) . The method used to measure these samples was the same as that adopted in the present study. Computer analysis was performed on a Macintosh personal computer with the use of the JMP statistical package (SAS Institute Inc. Ver. 3.1.6 for Macintosh). Tables 1 and 2 show the averages and standard deviations of the maxillary and mandibular dental arch measurements for the Wabag males and females. The stan darddeviations of U1-U1 were large, because the median distema was frequent (6/ 52) in this population. The sex difference in the breadths of the posterior parts of the maxilla and mandible was significant. Fig. 2 shows photographs of typical Wabag and Japanese male maxillary arches.
Results
Figs. 3 and 4 show plots of standard deviations in 17 measurements for six popu lations.Those of the five populations other than the PNG Highlanders were recalcu latedfrom data presented by Fukuzawa (1998) . The vertical lines represent the means of parameters for the six populations, which were normalized as 0, and the horizon tallines indicate the weighted averages of standard deviations for the six popula tions.The widths of the Wabag male maxilla were the largest among all six popula tionsfor all nine measurements, but their lengths were the smallest among all popu lationsfor six measurements, indicating that the shape of the Wabag male maxilla was relatively short and broad especially in the posterior parts. The Wabag male mandibular arch showed a similar trend to the maxillary arch, although the breadths of the anterior parts were not the largest (Fig. 3) .
The breadths of the Wabag female maxilla were the largest in six measurements, but their lengths fell in the variation ranges of the other populations in all measure mentsexcept U1-U6M. This indicated that the shape of Wabag female maxilla was relatively short and broad. The widths of the Wabag female mandible were the larg estin three measurements, but their lengths fell in the variation ranges of the other populations in all measurements except L1-L2. This indicated that the shape of the Wabag female mandible was also relatively short and broad especially in the posteri orparts (Fig. 4) . Dental arch indices (breadths/lengths) were calculated as U7D-U7D/U1-U7D and L7D-L7D/L1-L7D for all six populations as shown in Table 3 . The indices of the Wabag people showed the largest values in the maxillary and mandibular arches for both sexes. They were significantly larger than those of the other populations except for Fiji's female maxilla.
Principal component analyses were carried out using all of the data of the six populations in four categories: male maxilla, male mandible, female maxilla, and female mandible. Table 4 shows the component loadings of the first and second prin cipalcomponents and the contribution percentages of the individual components in the four categories. The first principal component expressed the dental arch size, because all of the component loadings of the first principal component were positive. The second principal component represented a shape factor, i.e., the balance be tweenthe breadth and length, because the factor loadings of almost all of the breadths were positive and those of the lengths were negative.
Figs. 5 and 6 show two-dimensional plots of the average principal component scores of the six populations, where the x-axis and y-axis show the first and second princi palcomponents, respectively. The dental arches of the Wabag males were relatively broad, but medium in size. They were located closest to Australians and next to Fijians in the maxilla and closest to Fijians in the mandible. The dental arches of the Wabag females were also relatively broad and medium in size and they were located closest to Fijians in both the maxilla and the mandible.
Discussion
Genetic studies have suggested that New Guineans are closer to Australians than to island Melanesians, Polynesians, Micronesians, and Southeast Asians (Cavalli -Sforza et al. 1994) . Archaeological studies have indicated that more than 40,000 years ago, Australoids who were hunters and gatherers started to expand from South eastAsia to Australia through New Guinea and Sahul land (Intoh, 1994) . Around 3,500 years ago, Austronesian people, who lived mainly on horticulture and fishing, passed through coastal New Guinea and expanded to island Melanesia, Fiji, and Polynesia (Kirch and Hunt, 1985) . Genetic and archaeological studies have suggest edthat New Guineans and Australians are closely related and that New Guineans have been genetically influenced by the ancestors of island Melanesians, Fijians and Polynesians.
Studies on dental morphologies have suggested that New Guineans, Australians, and island Melanesians share the Sahul-Pacific dental pattern, while Fijians, Polyne sians,Micronesians, and Southeast Asians share Sunda-Pacific pattern, and East and North Asians and Americans share the Sino-Americas pattern (Hanihara, 1992; Scott and Turner, 1997) . These studies have also suggested the closeness of New Guineans and Australians.
It has been suggested that the size and shape of the dental arch might have taxo nomicsignificance for living human populations, fossil humans, and apes (Lavelle, 1977) . It has also been demonstrated that the dental arch shape varies among living human populations: the people in the Near East (Koyoumdjisky-Kaye et al. 1976 ), Japanese and Americans (Aoki et al. 1971) , Indians (Sasajima et al. 1981) , and the people in East Asia (Lee, 1977) . In the Pacific region, the dental arch size and shape have been investigated for the people of Australia, Fiji, Samoa, Kiribati, and Japan (Fukuzawa, 1998) .
How the size and shape of the dental arch are related with the tooth size and the skull morphology is still controversial. For example, the dental arch size has been shown to be related to the tooth size, while the arch shape has not been shown to be associated with it in Japanese (Sekikawa,1986) . The dental arch size of humans has been shown to be related to the sizes of the mandible, face, and cranium (Kato, 1977; Rokutanda et al. 1983 ). On the other hand, it has been pointed out that the dental arch size changes due to dental attrition (Murphy, 1964) , and that the arch shape is in fluencedby a soft tissue environment (Moss and Orth, 1980) . In non-human pri mates,the dental arch size has been shown to be related to the tooth size in Colobus monkeys (Kanazawa et al. 1988) , while the dental arch shape is influenced by such functions as mastication (Kanazawa and Rosenberger, 1989) . It has been demon stratedin adult humans that a longer and wider dental arch provides a larger maxi mumbiting power and requires less power in ordinary chewing (Siono et al. 1980 ). These findings suggest that the size and shape of the dental arch may be affected by environmental conditions such as subsistence activities and diet.
The short and broad dental arches of the Wabag people indicate two possible caus es.One is a genetical cause in which the size and shape of the dental arch are intro ducedby a blood mixture with other populations. Since PNG Highlanders and Aus tralianswere separated from their common ancestral populations, Highlanders also mixed with Austronesian people who might have been ancestors of island Melane sians,Fijians and Polynesians. The sizes and shapes of the Wabag dental arches therefore became similar to those of Fijians and some Australians. The other is an environmental cause in which the size and shape of the dental arch became influenced by nutritional conditions or cultural behaviors. While Australians have been living as hunters and gatherers until modern times, PNG Highlanders have remained in agri culturesince around 9,000 years ago. This difference might have produced the dif ferentarch shapes between the relatively long Australian's arch and the shorter Wa bag's arch. 
